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We report a nearly complete lumbar spine from the Middle Pleistocene site of the Sima de los Huesos (SH) that is assigned to the previously published SH male Pelvis 1 [Arsuaga JL, et al. (1999) . Nature 399: 255-258]. The "SH Pelvis 1 individual" is a unique nearly complete lumbo-pelvic complex from the human Middle Pleistocene fossil record, and offers a rare glimpse into the anatomy and past lifeways of Homo heidelbergensis. A revised reconstruction of Pelvis 1, together with the current fossil evidence, confirms our previous hypothesis that the morphology of this pelvis represents the primitive pattern within the genus Homo. Here we argue that this primitive pattern is also characterized by sexual dimorphism in the pelvic canal shape, implying complicated deliveries. In addition, this individual shows signs of lumbar kyphotic deformity, spondylolisthesis, and Baastrup disease. This suite of lesions would have postural consequences and was most likely painful. As a result, the individual's daily physical activities would have been restricted to some extent. Reexamination of the age-at-death agrees with this individual being over 45 y old, relying on the modern human pattern of changes of the articular surfaces of the os coxae. The presence of degenerative pathological lesions and the advanced age-at-death of this individual make it the most ancient postcranial evidence of an aged individual in the human fossil record. Additional nonpathological SH lumbopelvic remains are consistent with previous hypotheses, suggesting a less-pronounced sagittal spinal curvature in Neandertals compared with Homo sapiens. human evolution | Sierra de Atapuerca | spino-pelvic morphology | paleopathology P resent knowledge of the evolution of the pelvic region and especially of the lower back in the human lineage is limited. Regarding the record of the genus Homo, the oldest evidence with associated lower back and pelvic remains is the Homo ergaster Nariokotome skeleton (KNM-WT 15000) from the Lower Pleistocene. However, this skeleton's juvenile developmental stage, pathological condition (1), and incomplete nature complicate an understanding of its fully adult morphology. Several Upper Pleistocene Neandertal skeletons preserve significant portions of these regions (Kebara 2, Shanidar 1 and 3, La Chapelle-aux-Saints, Régourdou 1, and La Ferrassie 1 and 2, among others). The pelvic morphology of Homo neanderthalensis differs from that of modern Homo sapiens. Neandertals exhibit pronounced lateral iliac flaring (resulting in a transversely wide pelvis), robust acetabulo-cristal buttress, well-developed supraacetabular sulcus and anterior superior iliac spine, and long and craniocaudally flattened superior pubic ramus (2) (3) (4) . Based on the kyphotic lumbar vertebral bodies, some scholars propose the existence of a natural kyphosis in Neandertals (5) , but others characterize their lumbar region as hypolordotic (6) . Additionally, the Neandertal lumbar spine presents parasagittally oriented upper articular facets, long and laterally (in cranial view) and craniolaterally (in dorsal view) oriented transverse processes on the second and third lumbar vertebrae (L2, L3), and longer and more angled laminae in the fifth lumbar vertebra (L5) (7) that result in dorsoventrally elongated vertebral foramina (8) . The available Plio-Pleistocene fossil record demonstrates that the character states of most of the Neandertal pelvic features are either primitive for the hominin clade or within the genus Homo (9-12). However, much more limited conclusions have been reached in the interpretation of the Neandertal lumbar vertebral morphology and lumbo-pelvic curvature.
We present a unique nearly complete Middle Pleistocene lumbo-pelvic complex from a single individual from the site of the Sima de los Huesos (SH) (Fig. 1 ). This individual, together with other specimens recovered from the SH site, elucidates the evolution of some major aspects of this region in our genus, especially concerning the emergence of Neandertal features. We also discuss the severe pathological lesions found in this individual that likely would have limited its range of physical activities to some extent. This individual represents the oldest postcranial evidence of an aged human in the fossil record.
Fossil Evidence
Since 1976, the SH site (Sierra de Atapuerca, Spain) has yielded more than 6,000 human remains attributed to H. heidelbergensis. In our view, this is an exclusively European species and is ancestral only to Neandertals (13, 14) . This fossil collection has been dated to a minimum age of 530 kiloyears (kyr) (15) . A minimum of 28 individuals of both sexes and diverse ages-at-death has been identified based on the dental evidence (16) . In the 1994 field season, a nearly complete pelvis (Pelvis 1) was recovered and attributed to a large male older than 35 y old (11) , which could correspond to one of the oldest (>35 y old) dental individuals from the site [i.e., Individual V, XIII, or XXI (16)]. To date, the sample of pelvic remains (os coxae and sacrum) is composed of 152 fragments [minimum number of elements (MNE) = 39; minimum number of individuals (MNI) = 16] (17). In addition, 435 vertebral fragments have been recovered from the site (MNE = 203; MNI = 13) (8) . From this sample, it has been possible to reliably associate five lumbar vertebrae (L1-L5) with Pelvis 1 (Fig. 1) . The inventory, labeling, and description of the pelvic and lumbar remains of the SH Pelvis 1 individual, and the criteria for their determination and association can be found in Materials and Methods and SI Appendix (Texts S1, S2, and Table S1 ). In parallel, a new reconstruction of Pelvis 1 has also been completed.
Results
Pelvis 1: A Revised Reconstruction. The first reconstruction of Pelvis 1 (11) suffered from some asymmetries, mainly concerning the nonmidsagittal position of the pubic symphysis and the asymmetrical orientation of both ossa coxae relative to the sacrum. An attempt was made to reconstruct Pelvis 1 from scratch, aiming to minimize these asymmetries yet still preserve the overall anatomical consistency (see Materials and Methods and SI Appendix, Text S3). The general appearance and pelvimetry of the first and the revised reconstructions are noticeably similar. Although the pelvic rim of the new reconstruction shows reduced asymmetries, the position of both ossa coxae is still not completely symmetrical with respect to the midsagittal axis (SI Appendix, Fig. S1 and Table S2 ). We conclude that the actual pelvic rim morphology of this individual exhibits some degree of in vivo asymmetries, probably related to several anomalies detected in the sacrum (see below). In any case, SH Pelvis 1 is generally consistent with the pelvic anatomy observed in other SH remains attributed to this anatomical region.
SH Pelvis 1 Individual Updated. Developmental stage and age-at-death.
Numerous pelvic remains from SH preserve, entirely or to some extent, the sacro-iliac joint, the pubic symphysis, and the acetabulum. The set of these articular surfaces signify different stages of remodeling, as has been described for modern humans (see SI Appendix, Table S3 for references). Based on the modern human pattern and timing of remodeling for these surfaces, SH Pelvis 1 would belong to one of the oldest (if not the oldest) individuals of the SH pelvic fossil sample, with an age-at-death older than 45 y (SI Appendix, Fig. S2 and Table S3 ). This estimation is consistent with our previous assessment [>35 y (11) ]. Stature, body mass, and encephalization quotient. Currently, there are three complete femora recovered from SH (Femur X, XII, and XIII; MNI = 2) that could be associated with SH Pelvis 1 (SI Appendix, Text S4). From the lengths of these three femora and the bi-iliac breadth of the recent SH Pelvis 1 reconstruction, the average stature and body mass ranges were estimated at 168.9 to 171.2 cm and 90.3 to 92.5 kg, respectively. These values are lower than our previous estimations [173.3-179.5 cm and 93.1-95.4 kg (11)] but markedly above the value obtained by Ruff (78.1 kg), who adjusts the SH Pelvis 1 bi-iliac breadth for greater pelvic ellipticity relative to modern humans (18) . To estimate the encephalization quotient, we have used the upper-and lowermost values of the body mass range and the smallest and largest cranial capacities for the SH sample (19) . The updated encephalization quotient range (3.1-4.0) is only slightly higher (+0.1-0.2) than the original estimate [3.0-3.8 (11) ]. Intrapopulation variation and sex attribution. The morphological features establishing the male condition of the SH Pelvis 1 individual were not modified in the revised reconstruction (11) (SI Appendix, Fig. S3 ). In contrast, two new SH pelvic remains (an isolated pubic body, AT-3814+AT-3817+AT-3497, and a fairly complete os coxae, Coxal III) show the modern female-like morphology previously described in ref. 11 : smaller size and lower robusticity, presence of moderate subpubic concavity, mediolaterally (M-L) larger pubic body, acute medial aspect of the lower pubic ramus, development of the ventral rampart, and wider subpubic angle and greater sciatic notch. However, the degree of dimorphism in these traits in the SH sample is not as great as that between the distinctive modern human male and female morphologies (see also ref.
20).
SH Pelvis 1 Individual Within Human Evolution. The pelvis. The suite of morphometric features characterizing the first description of Pelvis 1 and the SH sample (11) remains valid for the recent reconstruction and for more recently recovered SH pelvic remains (SI Appendix, Table S4 ). The morphological pattern seen in the SH sample is largely shared by H. ergaster, Middle Pleistocene humans, and Neandertals, suggesting that this is the primitive condition within the genus Homo from which modern humans departed (11) (Fig. 2 ). Within this primitive pattern, Neandertals are distinguished by an extreme craniocaudal thinning of the superior pubic ramus, contrasting with the thick and robust modern human pubic ramus. Regarding this trait, the SH sample (n = 12; MNI = 7) is of intermediate thickness between H. neanderthalensis and H. sapiens (11) (SI Appendix, Table S5 ). An intermediate thickness of the pubic ramus is also present in the late Middle Pleistocene Homo specimen from Jinniushan (10) , and this may represent the condition from which the Neandertal and H. sapiens morphologies diverged.
The pelvic canal shape can be quantified using the indices between the sagittal and transverse diameters at the inlet, midplane, and outlet planes. The evolution of the canal shape within the genus Homo is a matter of debate because of the limited and fragmentary fossil evidence. Modern humans show larger transverse (M-L) than sagittal (anteroposterior, A-P) dimensions in the inlet (inlet index < 100%; M-L oval shape) but larger A-P than M-L dimensions in the midplane (midplane index > 100%; A-P oval shape) (SI Appendix, Fig. S4 ). The outlet shows great shape variability but, on average, it is the most rounded of the three pelvic planes (SI Appendix, Fig. S4 ) (contra ref. 21 ; see SI Appendix, Text S5). Regarding the sexually dimorphic pattern, females have significantly lower indices than males only in the midplane and outlet (t test; P < 0.0001 and P < 0.001, respectively), but not the inlet (t test; P = 0.461).
Regarding the shape of the pelvic canal of the fossils considered to represent the primitive Homo pattern (SI Appendix, Fig. S5 ), the two female archaic pelves from Gona (BSN49/P27) (12) and Tabun Cave (Tabun C1) (21) and the male SH Pelvis 1 show a M-L oval shape characterizing the inlet and outlet (inlet and outlet indices < 100%) (see also SI Appendix, Text S5 for comments on other reconstructions of these and other pelvic remains). The midplane has an A-P oval shape in SH Pelvis 1 (midplane index = 112.7%), but a nearly round shape in the Gona specimen [midplane index = 97.3% (12)]. Furthermore, the values of the indices of the two archaic female pelves (Tabun and Gona) are remarkably lower than those of the male SH Pelvis 1 in the pelvic midplane and outlet, but not in the inlet.
Comparison of the modern and fossil pelvic canal shape (SI Appendix, Text S5 and Fig. S5 ) reveals that: (i) A significantly more platypelloid midplane was present in the archaic Homo specimens than in modern humans. The midplane indices in the male SH Pelvis 1 and the female Gona pelvis fall at or below 2 SD from the male and females means of the modern sample, respectively. Concerning the inlet and outlet of Pelvis 1, Gona, and Tabun C1, only the remarkably low outlet index of the last is significantly different from modern humans (< 2 SD). (ii) The differences between the fossil male (SH Pelvis 1) and female (Gona and Tabun C1) Homo specimens can be attributed to sexual dimorphism in the pelvic canal. These archaic Homo pelves parallel the modern sexually dimorphic pattern (i.e., females showing remarkably lower indices than males in the midplane and outlet). The lumbar vertebrae. The overall size (maximum dorsoventral diameter) of the most complete lumbar vertebrae (L3-L5) of this specimen is similar to the mean (L4) or significantly larger (L3 and L5) than our modern male comparative samples, and close to or slightly larger than those Neandertal males preserving the lumbar region (7, 22, 23) (SI Appendix, Tables S4 and S6 ). The transverse processes in L3 and L5 are significantly longer than modern human males and similar (L5) or even longer (L3) than in Neandertals. The orientation of the transverse process (i.e., the horizontal angle) of the L3 in the SH Pelvis 1 individual is dorsolateral in cranial view and lateral in dorsal view, similar to that in modern humans and Lower Plesitocene Homo. In contrast, the L3 in Neandertals show more laterally oriented transverse processes in cranial view and more cranially oriented processes in dorsal view (7) . Finally, the SH Pelvis 1 individual and another L5 from SH (VL12) show neither the long and markedly sagittally oriented laminae nor the dorsoventrally enlarged canal described in Neandertals (7). Thus, the orientation (but not the length) of the transverse processes of the L3 and the sagittal orientation of the laminae that result in a large canal in L5, are derived Neandertal features not present in the Middle Pleistocene sample from SH (n = 2).
Sagittal Lumbo-Pelvic Morphology. The sacral anatomical orientation (SAO), the pelvic incidence (PI), and the lumbar vertebral wedging have been measured in the SH Pelvis 1 individual (24-26) (SI Appendix, Text S6 and Fig. S6 ). These three variables are angular position-independent anatomical parameters. In modern humans, the SAO has been found to be strongly and negatively correlated with the PI (r = −0.824) (26) . Modern humans also show significantly positive correlations between the pelvic anatomical parameter PI and the positional parameter sacral slope (SS) (r = 0.63-0.86) that in turn is also significantly positively correlated with the positional parameter lumbar lordosis (LL) (r = 0.68-0.89). These correlations between pelvic anatomical and spinal positional parameters apply to both normal (healthy) individuals and patients suffering from spondylolisthesis or degenerative disc diseases (27) (28) (29) (30) . Large values of PI are related to more vertically oriented sacral plates, the joint surface of the body of the first sacral vertebra (S1), and accentuated LL. Thus, the normal sagittal spino-pelvic alignment in modern humans is the result of a combination between the interdependent anatomical and positional lumbo-pelvic parameters (see ref. 29 and references therein). Compared with modern male samples, the SH Pelvis 1 individual's sacral plate is extremely horizontally oriented (very high SAO and very low PI values), and the L2-L4 vertebral bodies are exceedingly kyphotic (vertebral wedging > 0°) ( Table 1 and SI Appendix, Table S7 ). The nonpathological Pelvis 2 from SH shows a PI value similar to Pelvis 1, and also well below the modern human sample means (Table 1 and SI Appendix, Table S7 ). Neandertals and other nonpathological vertebrae (an L2 and an L4) from SH also differ markedly from the modern human means for lumbar wedging but are not as extreme as the SH Pelvis 1 individual (Table 1 and SI Appendix, Table S7 ). Taken together, these anatomical parameters reveal that nonpathological SH specimens and Neandertals possess a reduced LL compared with modern humans (Fig. 3 A and B) . However, the sagittal lumbo-pelvic morphology of the SH Pelvis 1 individual was affected by several pathologies (Fig. 3C ).
Anomalies and Pathological Lesions of the SH Pelvis 1 Individual.
Description. L1-L4 vertebral segment. The L2 to L4 vertebral bodies show extreme wedging and bone remodeling of the ventral surface (Fig. 4 and SI Appendix, Fig. S7A ). In addition, the L4 spinous process is remodeled: it exhibits an asymmetrical triangular shape with a larger right side and a blunted and irregular base, both in posterior and cross section areas.
L5 vertebra. The L5 shows bone remodeling with extensive new periosteal bone formation on the ventral surface of the body (Fig. 4 and SI Appendix, Fig. S7B ). The spinous process is deviated to the right side relative to the midsagittal plane and is not fused to the left lamina. The spinous process also exhibits extensive remodeling that results in a blunted and irregular cranial surface. The left lower articular process shows extensive bone growth and is located more dorsally than its counterpart on the right side. The left pedicle shows an additional small extra-articular surface on its caudal aspect. The caudal end-plate shows a very large (30.5 × 8.0 × 7.4 mm) osteolytic lesion that runs parallel and close to the ventral edge of the body. The cancellous bone around the osteolytic lesion is more compacted. The vertebral body height is larger on its left lateralmost side (26.1 vs. 23.8 mm). Finally, the caudal end-plate shows pathological erosion on its ventral edge.
Sacrum. The anterior half of the sacral plate presents an anomalous convex and blunted shape ["dome-shaped" sacrum (30)] (Fig.  4 and SI Appendix, Fig. S8 ). An osteophytic aureole can be appreciated on the preserved portions of the ventral and lateral outer edges of the articular plate. The anterior portion of this aureole overflows inferiorly the outer ventral edge of the sacral plate, in a step-like shape. The left articular process displays extensive bone remodeling, extending to the sacral ala and showing a general coronal orientation with ventral migration of its cranial border. This facet is much larger and very irregular in shape when compared with its counterpart on the right side and with other nonpathological sacra from SH. Finally, the two auricular surfaces of the Pelvis 1 show a very different shape and size: although the left auricula reaches to the level of the superior margin of the third sacral foramina, the right one barely aligns with the inferior edge of the second one. However, none of these joints shows signs of bone remodeling or anomalous growth.
The articulated pelvis. The sacral plate shows a lateral tilting to the left when the biacetabular axis is placed in a horizontal position (SI Appendix, Fig. S9 ). Diagnosis and possible etiological factors. Developmental defects. The presence of the spinous process right of the midsagittal plane in the L5 and its nonunion to the left lamina are preliminarily attributed to a developmental hypoplastic defect of the left side of the neural arch. The position of this defect within the vertebral column (L5) and the absence of an enlarged neural canal rules out a neural tube defect of the developing spinal cord and thus of spina bifida cystica (31) . However, the nonunion of the lamina could still be the product of a stress fracture or a trauma.
The normal appearance of the sacral auricular surface suggests that the asymmetry in these joints occurred before or during the period of the ossification of the sacro-iliac plate epiphyses [16-30 y of age in modern humans (32) ] and well before the death of the SH Pelvis 1 individual. However, this asymmetry remains idiopathic.
Spondylolisthesis. The intense remodeling affecting the left articular processes between L5 and S1 could have led to the subluxation of the former over the latter, known as spondylolisthesis (33) (Figs. 3C and 4) . This slippage might have involved a clockwise rotational component caused by the unilateral remodeling of the left side. This diagnosis is in agreement with the periosteal reactive bone on the anterior part of the L5 (34), the dome-shape of the sacral plate, and the distinctive osteophytic aureole of the S1 body and would be classified as spondylolisthesis "without separate arch" (35) . The presence of a certain degree of asymmetry between the articular processes of the L5-S1 joint in the same vicinity as the asymmetrical sacral auricular joints and the neural arch defect in L5 suggest all these anomalies are likely developmental in origin. The nonparallel alignment between the biacetabular axis and the sacral plate would have created an instability that could have: exacerbated the asymmetry in the articular processes through bone remodeling and produced a scoliosis consistent with the asymmetry found in the lateral heights of the vertebral body of the L5. (C) Detail of the S1 body in superior view, showing the differences between the superior articular processes (in gray). Note the ventral (b1) and lateral (C) separation between the margin of the sacral plate (*) and the osteophytic rim (**). No compensation has been made for the intervertebral discs.
The very large lytic lesion on the caudal L5 end-plate was previously diagnosed as a Schmörl's node, because of protrusion of the nucleus pulposus of the intervertebral disc into the vertebral body, followed by a reaction in the area affected (33) . The herniation of the nucleus could have occurred when some degree of slippage of L5 over S1 had taken place and the position of the promontorium of the sacrum was approximately below the L5 lytic lesion. Additionally, the very dense cancellous bone around the lytic lesion could be the result of a reaction to the nucleus protrusion and to an infection.
Lumbar kyphotic deformity. The vertebrae of the SH Pelvis 1 individual have suffered a dramatic reduction of the ventral craniocaudal diameter of the vertebral bodies compared with nonpathological SH vertebrae (Figs. 3C and 4) . This process has resulted in extremely kyphotic vertebral bodies in L2-L4 segment, and in slightly less lordotic body in L5 when compared with other SH individuals. These changes in their shape have been long and gradual and accompanied by the remodeling of the ventral surface of the vertebral bodies. The additional articular facet on the caudal aspect of the L5 demonstrates the loss of intervertebral space between the L5 and the sacrum because of disc degeneration.
The deformation of the vertebral bodies and the degeneration of the discs (at least at the L5-S1 level) in the SH Pelvis 1 individual would have further reduced the already attenuated LL characteristic of the healthy normal SH population (see above). This deformity may even have led to the inversion, from lordotic to kyphotic curvature, of the lumbar region of the SH Pelvis 1 individual, and it is likely to be of degenerative origin. Vertebral column deformities in modern humans that result in a kyphosis or a marked loss of lordosis in the lower back caused by degenerative changes are collectively termed lumbar degenerative kyphosis (36, 37) . However, the dense cancellous bone around the L5 lytic lesion leaves open the possibility that this deformity could be also related to an infectious disease (e.g., tuberculosis).
The shape and degeneration of the spinous processes of L4 and L5 of the SH Pelvis 1 individual would be the result of their proximity and articulation termed Baastrup disease (38) . In this individual, the spondylolisthesis between L5 and the sacrum, and the loss of disc space throughout the lumbar spine, must have been instrumental in the approximation of the spinous processes of L4 and L5.
Discussion
Evolutionary Context of the SH Spino-Pelvic Morphology. The sexual dimorphism in the modern human pelvic canal is the result of locomotor selective pressures for a narrow pelvis in both sexes combined with obstetrical selective pressures favoring wider canals at the midplane and outlet in females. Three archaic fossil pelves assigned to the genus Homo show a similar pattern of sexual dimorphism, suggesting similar obstetrical selective pressures were operating in the past and, at a minimum, can be taken as a sign of tight deliveries.
Regarding the lumbar curvature, nonpathological pelvic and lumbar specimens from the SH site and Neandertal individuals are consistent with the suggestion that the hypolordotic lumbar column in Neandertals (6) was already present in their Middle Pleistocene ancestors (Fig. 3B) . Furthermore, significant positive correlations have been found between thoracic kyphosis and LL in modern humans (29) . If these same correlations apply to the Neandertals and SH populations, it could be inferred that thoracic kyphosis in the Neandertal lineage was also attenuated compared with modern humans (SI Appendix, Fig. S10 ).
The sacra from SH (n = 4) show a dorsal rotation of the S1 body relative to the body of the second vertebra (S2) (SI Appendix, Text S2 and Fig. S8B ). This dorsal rotation was termed a "second promontory" in the Kebara 2 Neandertal (22) and is also present in the Neandertal sacrum from Subalyuk. In modern humans, the PI is strongly correlated with the shape of the sacrum: the highest PI values are found when the S1 sacral plate and the S2 caudal plate converge anteriorly (27) . The relationship between the significantly low values of PI and the "second promontory" of the sacrum, demonstrating posterior convergence of the S1-S2 sacral plates in the SH sample, conforms to the modern sagittal anatomy. The particular relative position of S1 and S2 in the Neandertal lineage is the manifestation of one of the anatomical parameters related to the sagittal spino-pelvic balance.
Implications of the SH Pelvis 1 Individual Pathological Lesions. The sagittal anatomy of the lumbo-pelvic region is a main factor that determines the placement of the line of gravity and, therefore, the sagittal balance of the body over the hip joints. The SH Pelvis 1 individual was affected by lumbar kyphotic deformity and spondylolisthesis. Patients affected by these diseases may suffer from sagittal imbalance and postural disorders because of significant anterior displacement of their center of gravity (37, 39) . Thus, patients can develop adaptive compensatory postural and muscular mechanisms (SI Appendix, Fig. S10C ): pelvic backtilt [reduction of the SS, loss of LL, and increase of pelvic tilt (PT); that is, the angle between the vertical plane and the line running between the midpoints of the biacetabular axis and the sacral plate (36, 40) ], development of a flat or lordotic curvature in the thoracic region (37) , activation of the extensor hip muscles (e.g., gluteus maximus and hamstrings), and knee bending (25) . All or part of these compensatory mechanisms are likely to have taken place in the SH Pelvis 1 individual, considering the number and severity of its lumbo-pelvic lesions. Nevertheless, because PI = SS (≥0°) + PT (40) and the PI value of Pelvis 1 is remarkable low, the capacity of this individual to back-tilt was much reduced.
Regardless of its balance and postural circumstances, modern patients suffering lumbar degenerative kyphosis show difficulties walking and carrying or lifting objects (36, 37) , and Baastrup disease is associated with considerable lower back pain (41) . In addition, several inflammatory processes were currently in progress at the moment of the SH pelvis 1 individual's death, as seen in the osteolytic lesion, the periosteal reactive bone and, likely associated with Baastrup disease, interspinous bursistis (41) . These three signs are also patent manifestations of intense pain.
Baastrup disease has also been reported in Shanidar 2 and 3 and the La Chapelle-aux-Saints Neandertal individuals (23) . This disease, together with other degenerative processes in the vertebral column of Neandertals, has been suggested to be related to high levels of strenuous physical activities and mechanical demands, such as habitual transport of heavy resources over extended distances (23) . The hypolordotic lumbar column and the massive bodies of the SH population and Neandertals would also have resulted in high compressive forces in the spine, which is one of the pathognomonic conditions of the disc herniation and degeneration (28, 40) . In summary, the distinct anatomy of the lumbo-pelvic region and lifestyle of H. heidelbergensis may have made them more susceptible to develop particular spinal and pelvic pathologies.
Conclusions
The advanced age-at-death (> 45 y) of the SH Pelvis 1 individual, coupled with signs of degenerative processes in the lumbar spine, can be interpreted as evidence of an aged individual, something that has been suggested previously for SH mandibles (42) . Two important conclusions can be drawn from this theory. First, some of the H. heidelbergensis individuals from SH survived to relatively advanced ages. A trend of increasing older adult survivorship has been reported over the course of human evolutionary history based on the dental remains (43) . Nevertheless, potential signs of senescence are occasionally preserved in cranial skeletal remains before the emergence of Neandertals (e.g., D3444/D3900) (44) . Based on postcranial skeletal evidence, the SH Pelvis 1 individual represents the oldest evidence in the fossil record of an aged human. Second, this individual survived for a considerable period, with a suite of anomalies and pathological lesions. Some of these lesions would restrict, to a certain degree, the range of physical activities that they were able to perform. Comparison with present day huntergatherer societies suggests this individual would likely not have participated in hunting activities. However, this theory would not imply that it was no longer capable of moving with the social group. Survival of a second impaired individual from SH has also been recently described (45) . Thus despite the difficulties in demonstrating conspecific care based on fossil evidence (46) , at least two individuals from the SH site survived for an undetermined (but probably considerable) period with serious cranial and postcranial impairments.
Materials and Methods
The SH Pelvis 1 individual is composed of 12 isolated bony elements coming from the SH site, consisting of the nearly complete five lumbar vertebrae (six fragments) and pelvis (six fragments) (Fig. 1 , and SI Appendix, Text S1 and Table S1 ) These fragments were all found in a confined space of 1.0 × 1.0 × 0.2 m 3 within the human-bearing clay deposits, affected by some in situ fractures, particularly the vertebrae, but not by plastic deformation (47) (SI Appendix, Fig. S11 ). Laboratory restoration was later undertaken to rejoin each of these fragments. Their subsequent association into a single individual was based on bilateral symmetry, developmental consistency, proper fitting along the joint surfaces, and pathological criteria (see above). The fossil and modern comparative samples are included in SI Appendix, Table S8 . Several CT and surface scans were also performed (details in SI Appendix, Text S7).
The six bony elements comprising Pelvis 1 have been articulated by using highresolution epoxy casts of each of these elements. The previous reconstruction was revised with the aim of minimizing the asymmetries about the sagittal plane (11) , which has been done by placing the pubic symphysis along the sagittal plane of the pelvis. In brief, the isolated fragments composing Pelvis 1 have been articulated in the following sequence: (i) Articulation between the left and right ilium and ischium, and the sacrum. (ii) Reconstruction of the left pubic bone position by aligning the arcuate line and the ischio-pubic ramus, estimating the horizontal acetabular diameter and matching the pubic symphysis to the sagittal plane. (iii) Reconstruction of the position of both the right pubic body and the ischio-pubic ramus fragment by symmetry with the left side. The dorsal symphyseal demiface has been located as close as possible to the sagittal plane. Additional methodological aspects can be found in SI Appendix, Texts S3, S4, S6, and Fig. S6 .
